IN THE NORTHERN region, a mixture of forest, forested wetlands, mires, and lakes is a characteristic landscape mosaic (Sjö berg and Ericson 1997) . Mosquitoes can be found in almost all kinds of environments associated with water, and are most common in wetlands and humid forested areas. In Sweden, 48 species and Þve genera of mosquitoes have been recorded (Dahl 1997) . They differ in requirements for larval (Laird 1988) and adult (Jaenson 1988 , Lundströ m et al. 1996 habitats, overwintering strategy, (Kettle 1995) , preference for blood-meal hosts (Service 1971 , Tempelis 1975 , Jaenson and Niklasson 1986 , and number of generations per year (Gutsevich et al. 1974) . A detailed knowledge on the biology and life history is available for most mosquito species. Ecological characteristics of species can be linked with characteristics of habitats and vice versa. The feeding behavior of mosquitoes provides information on the presence of preferred hosts in an area, such as mammals, birds, or amphibians. Habitat requirements include the presence of large deciduous trees for mosquito species that use tree holes as larval habitats, or rich submerged vegetation for the species with larvae and pupae taking oxygen from submerged plant stems. Other less specialized species breed in common forest ponds formed during the spring throughout Sweden.
Diversity and conservation studies are often focused on species lists, but a broader approach sometimes seems more appropriate (Gaston 1996 , New 1999 . In this article, we compared mosquito diversity in four study areas from northern to southern Sweden, based on the presence and number of functional groups. The aim was to look for characteristics of mosquito faunas of different wetlands, and for patterns over the latitudinal gradient.
Materials and Methods
Study Areas. Mosquitoes were collected in four study areas in Sweden (Fig. 1) , located in the northern boreal zone (Abisko and Allavaara), the southern boreal zone (Bergsåker) and the temperate zone (Egeside Sjö ), respectively (Ahti et al. 1968) .
The Abisko study area (68Њ 21Ј N, 18Њ 49Ј E) is located 200 km north of the Arctic Circle on the south shore of Lake Torneträsk, ranging from 385 to 600 m asl (tree line). The forest consists mainly of mountain birch (Betula pubescens Ehrhart subsp. tortuosa Nyman) and dwarf birch (Betula nana L.), as well as different willow species (Salix sp.), interrupted by heaths of mountain avens (Dryas octopetala L.). The whole area is ßooded in spring by melting snow.
The Allavaara study area (67Њ 15Ј N, 20Њ 05Ј E) is situated 65 km north of the Arctic Circle, 2 km south of the Allavaara village, in the meanders of the River Allajåkka. This area has a ßat topography and is dominated by extensive mires and small lakes and rivers. The forest consists mainly of mountain birch and wil-lows, together with stands of pine (Pinus sylvestris L.) and Norwegian spruce [Picea abies (L.) Karsten]. The ground is covered mainly with tufts of sedges (Carex spp.), the density of other herbs being intermediate. Uncontrolled and extensive annual ßooding in early summer by melting snow, as well as runoff from nearby mountains, turns the whole area into a wetland.
Data from the Bergsåker study area (62Њ 23Ј N, 17Њ 17Ј E) are based on the study by Francy et al. (1989) , in which one of the authors of the current study (J.O.L.) identiÞed a major portion of the mosquitoes. Mosquitoes were sampled on a peninsula between the Selångersån River and Lake Selångersfjärden. The wetland area, surrounded by agricultural land, has dense stands of alder (Alnus glutinosa L.), willows, birch, some aspen (Populus tremula L.), European bird cherry (Prunus padus L.), and occasionally pine and spruce. Herbs are abundant, and stands of sedges and reed (Phragmites australis Trinius) occur as well. The river ßoods annually, usually in spring, but ßood-ing is limited by an existing channel between the lake and the Baltic Sea.
The Egeside Sjö study area (55Њ 52Ј N, 14Њ 12Ј E) is situated 17 km south of Kristianstad, next to the river Helge å. Manipulation of the river ßow at the end of the 18th century turned the former lake into a swampy forest area. The study area is surrounded by agricultural land, and is characterized by stands of forests consisting mainly of alder, willow, birch, aspen, and ash (Fraxinus excelsior L.); European bird cherry, spruce, and pine trees are less common. The herb layer is dense. Forested areas alternate with open stands of reed and sedges. The whole area is ßooded in springtime.
Sampling Methods. Centers for Disease Control (CDC) miniature light traps, with carbon dioxide as an attractant, were used to collect adult female mosquitoes. This method has the advantage of sampling a large variety of mosquito species (Service 1993) . The traps were hung in trees at 1.5 m above ground. They were activated early in the evening for a duration of 12Ð14 h until the next morning. Collected mosquitoes were anesthetized with carbon dioxide, dispensed into plastic ampoules and immediately killed by freezing on dry ice. Mosquitoes were stored on dry ice and at Ϫ70ЊC until identiÞcation. For identiÞcation to species, keys by Mohrig (1969) , Gutsevich et al. (1974) , and Wood et al. (1979) were used.
At Abisko, sampling was conducted in 1996 and 1997, using six traps for one night on three occasions each year. In 1996, mosquitoes were collected on 8 Ð9, 17Ð18, and 22Ð23 July (results from two traps only); in 1997, on 21Ð22 and 28 Ð29 July and 4 Ð5 August. At Allavaara, collections from three traps run over a series of three nights in a row were used for each sampling period. The sampling periods in Allavaara were on 16 Ð19 June, 3Ð 6 July, and 27Ð30 July 1991. We identiÞed the entire catch from one trap during the whole study period, and included randomly chosen subsamples from the other two traps. At Bergsåker, data from each sampling period consist of the number of mosquitoes collected by six traps run over a period of two nights in a row, with the exception of the Þrst sampling period in June when there was an interruption of 1 d between trap nights. Mosquitoes were sampled on 25Ð26 and 27Ð28 June, 23Ð25 July, and 12Ð14 August 1985. At Egeside Sjö , three traps were run over a series of three nights in a row per sampling period. Collections were made on 2Ð5 June, 29 JuneÐ 2 July and 13Ð16 August 1998.
Analysis. The sampling effort was not consistent for the study areas. From Bergsåker, there were 36 samples (6 traps ϫ 2 nights ϫ 3 sampling periods) whereas from Allavaara and Egeside Sjö , there were 27 samples (3 traps ϫ 3 nights ϫ 3 sampling periods). From Abisko, during a 2-yr period, we had 32 samples (2 traps/night ϩ 6 traps/night ϫ 5 sampling periods). All collections were from different years. Nevertheless, we focused on comparing patterns of biological and life history characteristics of different faunas, with less emphasis on absolute species composition and abundance. Because the collections were made during different years, and usually for a 1-yr period per study area, our results represent a characterization of the wetlandsÕ mosquito faunas at each time.
We grouped all mosquito species recorded from Sweden and identiÞable as females into 14 functional groups based on six biological and life-history char- (Table 1) , including oxygen source for larvae, egg laying sites, overwintering life stages, preferred hosts for blood meal, preferred larval habitat, and number of generations per year. The mosquito species present at a site were sorted according to these functional groups for characterization and comparison of mosquito faunas. The groups present at each study area were ranked, with one being the most abundant. For a few species, information on certain characteristics is scarce or there is more than one strategy. Of the species in group 5, Aedes rusticus (Rossi) can switch from overwintering in the larval stage to overwintering in the egg stage, in response to climatic conditions. Of the species in group 6, life-history data on Culiseta fumipennis (Stephens) and Culiseta ochroptera Peus are rather scarce. It is assumed that these species feed preferably on birds. Besides, Cs. ochroptera is reported to overwinter as females in the eastern Ukraine (Gutsevich et al. 1974) , and probably also in Sweden (Jaenson et al. 1984) . In group 7, Aedes (Mohrig 1969 , Gutsevich et al. 1974 . Preferred habitat for all species means that they mainly occur there, but could also be found occasionally in other habitats.
Some Anopheles and Culex species cannot be distinguished morphologically as females. In group 1, Anopheles maculipennis sensu lato is a complex of four species in Sweden (Jaenson et al. 1986a ) that cannot be safely identiÞed morphologically, but all belong to the same functional group. Culex pipiens/torrentium is a complex as well, with Cx. torrentium Martini and Cx. pipiens pipiens L. as bird-feeding species (group 2), and Cx. pipiens molestus Forskål as an anthropogenous species (group 1). Cx. pipiens and Cx. torrentium cannot be distinguished morphologically as adult females and larvae, whereas male hypopygia are different (Service 1968) . Cx. pipiens pipiens and Cx. pipiens molestus can only be separated by testing autogeny and stenogamy. In Sweden, there is only a single record of Cx. pipiens molestus (Natvig 1948) , whereas Cx. pipiens pipiens and Cx. torrentium are reported regularly (Dahl 1977) . Therefore, unspeciÞed females of Cx. pipiens/torrentium were sorted in group 2.
In addition to the analysis based on functional groups, we also used several diversity measurements. Alpha diversity was measured using three indices: Shannon index (HÕ, using natural log), placing most weight on rare species; SimpsonÕs index (1-D), placing most weight on common species; and Q-statistic, with no weighting toward very abundant or very rare species (Magurran 1988 , Krebs 1999 . Beta diversity was measured with the Sørenson index, based on species presence/absence data. The rarefaction method was used to estimate the number of species for the maximum number of individuals common to all study sites. Diversity measurements and rarefaction were computed with the aid of BIODIV 5.1 (Baev and Penev 1995) and Ecological Methodology 5.1 (Krebs 1998) .
Results
A total of 52,298 individual mosquitoes of 32 species in Þve genera was included in our analysis (Appendix 1). At Abisko we found 10 mosquito species, at Allavaara 12, at Bergsåker 16, and at Egeside Sjö 24 species.
Sorting the mosquito species according to functional groups presented in Table 1 showed that three groups were represented at Abisko and Allavaara, eight groups at Bergsåker, and 13 groups at Egeside Sjö (Table 2 ). There were more groups from north to south, showing a nested pattern with all functional groups present at one site also being present at sites located further south. Groups 1, 7, and 8 were present at all study sites. Three species out of these groups, Ae. communis, Ae. punctor, and Aedes excrucians (Walker) (groups 7 and 8 only), were found in all four areas.
At Abisko and Allavaara the same functional groups ranked in the same order were present (Table 2) , representing species that take oxygen from the water surface, lay their eggs on soil, overwinter in the egg stage and prefer forested (most abundant group) and partly forested habitats (second most abundant group), as well as species that lay their eggs on the water surface and overwinter as females. All species in groups 1, 7, and 8 prefer mammals as blood-meal hosts. In these northern localities no species with overwintering larvae were found.
At Bergsåker, Þve functional groups were added, including species with overwintering larvae, and feeding on birds. Groups 9 and 10 prefer habitats at the forest edge and in the open. Group 14 has the single Coquillettidia species in Sweden. The larvae and pupae of this species get oxygen by piercing submerged plant stems, mostly Phragmites. Most abundant at this location was a single species (Aedes cinereus Meigen), of functional group 9.
At Egeside Sjö , 13 of 14 groups were present, missing only group 3, which contains a single species preferring amphibians as blood meal hosts (Culex territans Howard, Dyar & Knab). In this area, more groups with overwintering larvae were added, as well as species typical of inundation areas, and a species using tree holes as larval habitats.
All alpha diversity measurements showed highest diversity for the Egeside Sjö collections (Table 3 ). The Q-statistic displayed an increasing diversity from north to south, but the Shannon and Simpson indices both revealed a deviation from this trend at the Berg- Total number of collected mosquitoes (abundance ranking with 1 being the most abundant group). såker study area, having their lowest value there. This reßected the strong prevalence of a single species at this site. Both the crude number of species and the rarefaction for n ϭ 9500 individuals demonstrated a southward increase of mosquito diversity, like the Qstatistic.
Comparison of the mosquito faunas of the study areas with the Sørenson index showed most similarity between the faunas of Abisko and Allavaara (0.82). All sites had highest values with their neighboring sites (Allavaara-Bergsåker: 0.50; Bergsåker-Egeside Sjö : 0.55), and values between non-neighboring sites varied between 0.31 and 0.39.
Discussion
The comparison of mosquito faunas of four forested wetlands in Sweden showed distinct differences among northern, central, and southern study areas. The number of species as well as the number of functional groups increased from north to south.
Most prevalent at all four study sites were species taking oxygen from the water surface, laying their eggs on soil, overwintering in the egg stage, preferring forested or partly forested habitats, and using mammals as blood-meal hosts (groups 7 and 8). The second most successful functional group consisted of species laying their eggs on water surface, overwintering as females, and preferring mammals as host for blood meals (group 1). However, the high number of individuals from these groups could also simply reßect high probability of being caught with the traps we used. Jaenson et al. (1986b) sampled mosquitoes in the Sässman area east of Edsbyn (61Њ 23Ј N, 15Њ 51Ј E) during 3 yr, with a variety of collection methods including suction traps, animal-baited traps, human bait, and resting stations. The pooled results showed that mosquito species of groups 7Ð9 and 1 were most prevalent. This is in accordance with our results, so that we exclude a major inßuence of collection method. However, Cx. territans, preferring amphibians as bloodmeal hosts, was found in the Sässman collections, but not in our samples. Therefore, this species was either missing from our study areas, or less attracted to CDC light traps with dry ice.
The two northern localities Abisko and Allavaara lacked species with larvae as the overwintering stage, species feeding on birds, as well as most of the species preferring open habitats. The long and cold winters may not allow larval overwintering, and strong winds in open areas might prevent establishment of most open habitat mosquito species. Just two species, Aedes impiger Walker and Aedes nigripes Zetterstedt, are typical for arctic localities including tundra (Vockeroth 1954 , Gutsevich et al. 1974 , Wood et al. 1979 ). Absence of bird-feeding species could be explained by the fact that most of these species also overwinter in the larval stage (group 6). However, one species feeding on birds and overwintering as females, Cx. torrentium (group 2), occurs in west Siberia (Gutsevich et al. 1974 ), but Cx. pipiens/torrentium has not been recorded from localities in Scandinavia north of the Arctic Circle (Dahl 1977 , Utrio 1979 , Mehl et al. 1983 . Previous records of geographic distribution of mosquitoes (Mehl et al. 1983 , Andersson 1991 would add four species to our list for northernmost Sweden, and one functional group (group 9, Ae. cinereus).
At Bergsåker, a single species (Ae. cinereus) was particularly prevalent. This species differs from others in similar functional groups 7 and 8, in the number of generations per year. Ae. cinereus can have several generations per year, and this could explain the extremely high numbers recorded at Bergsåker. A second ßood during the summer could lead to additional hatching of this species, but not to hatching of the species of groups 7 and 8. Species typical for river inundation areas like Aedes vexans Meigen, Aedes sticticus Meigen and Aedes rossicus Dolbeshkin, Gorickaja & Mitrofanova (group 12) were missing. Ae. vexans extends its range up to 60 Ð 62Њ N in Europe (Gutsevich et al. 1974) , so it could well occur in the geographic area of Bergsåker. All three species were recorded from the Dalälven area at a latitude of 60 Ð 61Њ N (Jaenson 1986 ). Absence of group 12 mosquito species might be due to rare events of summer ßooding. These species would not hatch during spring ßoods, whereas Ae. cinereus is able to hatch both during spring and summer ßooding. Therefore, this species can take advantage of all opportunities and become dominant, especially if there is an occasional summer ßood. Three more species were recorded from the nearby Sässman area by Jaenson et al. (1986b) , adding one more functional group (group 3).
Most species and functional groups were recorded from Egeside Sjö in southern Sweden. This site has the most variable environment of the four sites studied, with mixed forests containing large decidious trees, and extensive meadows of Salix bush and sedges and reed beds. This was reßected in the presence of many different functional groups, including those breeding in tree holes (group 13), and typical for inundation areas (group 12). Six more species have been recorded for southern Sweden (Dahl 1977) , which add the only functional group missing in our study, representing the species feeding on amphibians.
The diversity measurements showed, on the one hand, an increasing diversity from north to south (species numbers, rarefaction, Q-statistic), but a deviation from this trend for the data from the Bergsåker area (Shannon and SimpsonÕs indices). Because the Shannon and the SimpsonÕs indices are inßuenced by either very rare or very common species, respectively, they are lower for the Bergsåker mosquito fauna due to the prevalence of a single species there. This shows that a single index is not sufÞcient to describe the diversity of a site (May 1975) . Comparing presence/absence data with the Sørenson index showed highest similarity between mosquito faunas at sites located next to each other on the north-south gradient. This shift in species presence is in accordance with the observed presence of functional groups at the different study areas.
For most organisms, a gradient of increasing diversity with decreasing latitude is a well-known pattern (Taylor 1978 , Begon et al. 1986 , Cushman et al. 1993 , Väisänen and Heliö vaara 1994 , Gaston and Williams 1996 , although a few taxa show the opposite pattern (Heie 1994 , Kouki et al. 1994 . Our data support the existence of a latitudinal gradient of mosquito diversity in Sweden, both with regard to species richness and functional groups. Sorting mosquito species into functional groups also provided explanations for this gradient, as the biology of some species does not Þt climatic conditions at northern localities. At more southern regions, environmental variability increased, providing a large variety of habitats so that the number of species and functional groups present increased as well.
Sorting of mosquito species into functional groups made it possible to reveal characteristic biological features of the mosquito faunas, linked with study site environmental features. Mosquitoes form an obvious faunistic component of wetlands and humid forested areas, and our study provides a basis for further characterization of wetlands by their mosquito fauna.
